For each species three isolated well-shaped specimens of medium height were chosen, and the number of flowers per indibidual tree and the number of pollen grains per anther was estimated.
The values of total pollen production varied between a little over 1000 million grains in Jiiglans regia and more than 500,000 million in one single tree in Quercus rotitiidifolia. For the production of pollen grains per anther, the values oscillated betneen 3000 grains in Jiigluiis regia and 100,000 in Olea europaea. There is an exponential correlation betaeen the size of the anthers and the number of pollen grains they contain. A linear correlation is also evident between the volume of the tree crown and the total production of inflorescences, floners, anthers and pollen grains per individual tree. Based on this, a mean coefficient of the number of grains/meter of diameter of the tree cronn is obtained which varies between 3.4 x 10' for Juglaiis regia and 550.9 x lo* for Qrtercus rotriridifolia. The ratio between the number of anthers per inflorescence and the number of pollen grains per anther carries out a hyperbolic function; thus, the inflorescences nith the most anthers have the anthers with the least pollen and vicewrsa. This ratio is also manifest between the number of grains per flower and the number of floaers per tree, as nell as the number of grains per inflorescence and the number of inflorescences per tree. 
Rafael Toriiio hlolina

Qlanuscript accepted 16 October 1995)
Anemophilous plants are characterized by high pollen production, as the vector of pollination they employ, the wind, is extremely haphazard and not specific. According to Faegri and van der Pijl(1979) , the anemophily of these angiosperms is derived, and an increase in the production of pollen occurs in order to compensate for a reduction in efficiency.
Most of the scant research carried out in this area yield data on the amount of pollen produced per anther or flower in the species under investigation. Even fewer are the studies which give information about the total amount of pollen produced per plant, principally due to the arduous task of quantifying the total number of anthers per plant (Moore et al. 1991) . There are also a few studies which estimate the total production from the amount of pollen deposited on the ground (Solomon 1979) .
One of the first and also most complete studies of the amount of pollen produced by a plant, is that carried out by Pohl (1937) . In this study, information is provided about the quantity of pollen produced per anther, flower, inflorescence and branch in some anemophilous species. Data are also provided about the quantity of pollen per square metre of land surface produced by some plants by calculating the projection of the plant on the soil and the number of flowers per individual.
In 1933 Erdtman added a few more data to complete Pohl's study (1937) , and in 1969 he presented a table of 19 species for which he calculated the number of grains per anther, flower and ament, and established an index of relative pollen production, using the value of one as a reference for Fagtrs sylvatica. He affirmed that there is a clear tendency towards an increase in the production of grains of pollen in anemophilous plants. Hyde and Williams (1946) provide complementary contributions with an estimate of the pollen production per surface unit in Plantago Ianceolata, calculating the number of inflorescences per square meter of land surface, the number of open flowers per inflorescence and the mean number of pollen grains per flower, giving a mean value of 40 x lo6 grains of pollen per square metre and day. Nair and Rastogi (1963) provide a further contribution by studying the pollen production of several species linked to allergy such as Clrenopoditrr~i albtim ( 133 pollen grains/anther) and Mortis alba (23,000 pollen grains/anther). The production of pollen of the Poaceae family has been studied by several authors. Agnihotri and Singh (1975) find between 800 (Cjnodon ductyloii) and 13,000 (Secule cereule) grains per anther, and suggest that the total production of pollen depends directly on the size and length of the anther, calculating a value of 700-1200 pollen grains per millimeter of anther length. Smart el al. (1979) make an estimate o f the pollen production per anther and spike in 30 types of Polleit production in mieriiopliilorrs trees 39 on the main branches, all main branches were counted, as \!ell as the number of bunches on 5 branches (Table I, column 2) and the number of inflorescences per bunch in 20 bunches.
grass. By counting the number of spikes per square metre they arrive at an estimate of total production of pollen per surface unit between spikes of gramineae. Thus, for Lolirrrit pereitrte they give a value of 2.11 x IOl3 grains per season and hectare, which is equivalent to a mass of 464 kg of pollen per hectare. Joppa et al. (1968) determine the total production of grains of airborne pollen of different types of Triticiuii from the number of fertile flowers and the percentage of extruded anthers. Finally, Sree Rangaswamy and Raman (1973) prove that in Oryzu sufim polyploidy causes the number of pollen grains and the size of the anthers to increase, while the ratio between the two decreases.
Janaki Bai and Subba Reddi (1980) and Subba Reddi and Reddi (1986) determine the pollen production per anther of several angiosperms from India. Like Agnihotri and Singh (1975) , they conclude that the pollen production, besides varying greatly from one species to another even within the same genus, is directly related to the size of the anther and inversely related to the size of the pollen grain and that, therefore, those species with large anthers and small pollen grains are the most productive ones.
Although a plant's total production of pollen grains is influenced by various factors (Stanley & Linskens 1974 ) and also varies from one year to the next (Rogers 1993) it is most important to have an estimate of the total production of pollen per plant, not only from an aerobiological but also an agronomical standpoint, as the production of seeds often depends on the production of pollen (Faegri & Iversen 1989 , Cour & Van Campo 1980 . Thus, Holm (1994) , to give an example, demonstrates that, by adding a supplementary amount of pollen to Bettrlu, an increase in the quantity of seed produced can be obtained.
MATERIALS AND METHODS
In order to carry out this study, ten anemophilous arboreal species of considerable aerobiological importance \ w e selected, including wild, cultivated and ornamental ones: Piiius pinaster, Ulntirs minor, Juglaiis regia, Plaraiiirs Irispanica, Qrrercrrr rotuiidiJolia, Sali-r arrocinerea, Popiilus nigra, Acer negimdo, Olea europaea and Fruxinirs aiigtistifoliu. The locations where they nere harvested are given in Annex I.
In each species, three isolated trees were chosen that aere in good health and aell-shaped and they were measured for height and diameter of the tree crown.
Count of the number of inflorescences
In the case of species nith a high number of inflorescences arranged on the main branches Piizus pinaster (strobili groups), Ulmus ininor, Platanus hispatiicu, Populirr nigra, and Su1i.r atrocinereu, first the main branches \rere counted (Table I, column 1) and then a sample of 2-5 branches was selected and a count was taken of all their inflorescences (Table I , column 3).
In the case of Jugluns regia in which the number of inflorescences per tree is small, all inflorescences per specimen were counted (Table I, column 3). In the two ewrgreen species studied, Quercus rotrindiJoIia and Olea europaea, whose aments and racemes, respectively, are arranged on the surface of the tree crown and also grouped together, all groups of inflorescences within a giben area nere counted (1 m2) and the results were extrapolated to the total estimated surface (Table I, column 2). Finally, in Fruxitius angusfifolia and Acer negiurdo, nhose inflorescences are grouped in bunches Count of the number of flo\vers and anthers Whenever possible 20 infloresences scattered throughout the tree were selected (except in Jitglms regia where 5 aments were counted) and the number of flowers per inflorescence was ascertained (strobili group, raceme, aments, or glomerules - Table I , column 4).
In those species whose flowers do not have a set number of anthers (Qzcerncs rorrcirdfo!ia, Ulmrrs niinor, Acer riegmdo, Jirgluiis regiu and P O~Z~J~S nigru) a flower was chosen from the middle of each of the 20 inflorescences selected, and the number of anthers was counted. In Pinus pinaster the number of microsporophylls per strobilus was counted, and in Platariirs hisparzicu the number of anthers per inflorescence, since ahen the inflorescences are handled the anthers fall from the floners.
Count of the number of pollen grains per anther
The pollen grains were counted by using 5 anthers from different flowers for each one of the three trees which had been previously measured ( Table I , column 6). Basically, the method used was that of Cruden (1977) . The anthers aere obtained from closed floners kept in 70% ethanol that were washed in distilled water, measured, and placed in test tubes. They were taken apart Nith the aid of a glass rod and in most cases the pollen grains were suspended in Icc of distilled water. From this concentrate, five drops of 10 p1 tiere remoked and then the pollen grains were counted (Table I, column 7).
Estimate of the total production
In order to estimate the total production of pollen per individual plant, first the total number of anthers per tree was calculated (Table 11, 
Calculation of the correlation coefficients
The surface of the tree can be estimated as the lateral surface of a cylinder whose base is a circle with the same diameter as that of the tree crown and whose height is that of the height of the tree (2nr/z), or we can estimate it by considering the surface of a sphere whose diameter is that of the crown (4x9). Likewise, the volume of both geometric shapes can be calculated ( d l z for the circle and 4/3d for the sphere). From these data the correlation coefficients Bere calculated, and their statistical significance (p[rl=O) from the total production per tree of inflorescences, floners, anthers, and pollen grains \\ith the dimensions of the tree (height and diameter of the crown), the surface and the volume of the tree crown considered both as a sphere and a cylinder.
The correlation betneen the dimensions of the anthers and the production of grains per anther nas calculated, as aell as the correlation between ten pairs of ratios of production: grains/ anthers, grains/flower, grainsfinflorescence, grains/tree. anthers/ floner, anthers/inflorescence, anthers/tree, flowers/inflorescence, flo\vers/tree, and inflorescences/tree. Pollen prodiictiori iti atietiiopliiloiis trees 
RESULTS
The dimensions of the trees studied (height and diameter of the tree crown) appear in columns 1 and 2 of TableII, respectively.
The number of inflorescences, flolkers, anthers, and pollen grains per anther varies considerably from one species to another ( Table I ). The number of inflorescences per terminal branch (TableI, column 3) is very variable in the trees under study. The inflorescences in Qirercirs, Acer, Olea and Frasitiiis, which always number less than 50, appear on short little branches which grew the previous year. On the other hand, in Pitiirs, Ultsirs, Platatiris, Popirliis and Salix they appear on older and more fully grown branches and therefore there can be as many as a thousand. In Jiiglatis their number is small on the entire tree, giving a total of 85 to 300.
The number of flowers per inflorescence (Table I , column 4) barely reaches 50 in Pitiirs (strobili per group), Ulniiis, Qiierciis, Popiiliis, Acer, Olea and Fraxinirs; but it is much higher in Jiiglans and Salix, reaching more than 300. and Qirercirs, where it never reaches 10,000. The maximum values appear in both of the Oleaceae under study (Oleo and Fraxitiiis). In the former, anthers with more than 100,000 grains were frequently found. Nevertheless, in a population of Acer as many as 200,000 grains of pollen per anther have been counted.
Total production
The total production of inflorescences per tree oscillated between approximately one and three hundred in Jtiglais, and up to half a million in Qiiercirs (TableII, column 3), but the most frequent value for the rest hovers around tens of thousands of inflorescences per tree.
The total number of flowers per tree (Table 11, is again minimal in Jirglaiis (20,000-55,000) and climbs as high as several million in Qicercus and Salix, due in the latter case to the high number of flowers per inflorescence. The total number of anthers per tree (TableII, column 5) is minimal in Ulimls, Jiiglaris, Olea and Fraxiriirs in which it is around half a million; and maximal again in Qciercus, with as many as 100 million.
The total production of pollen grains per tree (Table I , column 6 and Fig. I ) oscillates between a little over one thousand million for the above mentioned species and around 500,000 million for Qirerciis reaching above one hundred thousand million in Platamis, Salix and some specimens of OIea and Fraxiriirs. By dividing this amount by the diameter of the tree crown we arrive at an estimate of the quantity of grains of pollen produced per tree regardless of the size of the tree crown. This value oscillates between 3.4 x lo8 in Jirglaris and 550.9 x 10' in Qirerciis (Table 11 , column 10).
Correlations betaeen the dimensions of the tree and the production of inflorescences, floners, anthers and pollen grains
The total productions of inflorescences, flowers, anthers and pollen grains are all logically correlated as one is multiplied by the next to obtain the total production Table 111 .
The height of the tree has a negative significant correlation with the total number of flowers. In other words, the taller the tree the more proportionally reduced is the number of flowers. In contrast, the diameter of the tree crown has a positive significant correlation with the total number of inflorescences, floibers, anthers, and pollen grains.
There appears to be no correlation between the surface of the cylinder and the production of the trees, but there is a positive significant one with the surface of the sphere. There are positive and significant correlations betneen the volume of the cylinder and the production of inflorescences, anthers and pollen grains, but they are inferior to the correlations of the surface of the sphere. The highest correlation with the production of inflorescences, flowers, anthers and pollen grains are with the volume of the sphere whose diameter is the diameter of the tree crown.
Correlation between the number of pollen grains per anther and the length of the anther The average length of the anthers or microsporphylls (Fig. 2 , Table I , column 6) varies betneen 1 and 2mm for Piriiis piiiaster, U h r s iiiiiior, Qiierciis rotiwdifolia, Poptihis iiigra and Sa1i.r atrocinerea; between 2 to 3 mm for Jiiglaris regia, Platmiis hispanica, OIea eiiropaea and Fraxiriirs angustifolia; and between 3 and 4.5mm for Acer riegiriido. A positive significant correlation has been found between the length of the anthers and the number of grains produced per anther (r-0.6636, p=O.OOO), using a total of 150 data ( 5 anthers per tree in a total of 30 trees). If we calculate the correlation between the length of the anthers and the decimal logarithm of the number of pollen grains, we obtain a higher value (r=0.6934, p=O.OOO -see Fig. 2 ), which indicates an exponential ratio between the two. By calculating the linear regression t\e find that logy=3.1895+0.4687x (y being the dependent variable: the number of grains per anther; and x the independent variable: the length of the anther).
Correlations between the ratios graindanther, grains/flouer, graindinflorescence, graindtree, antherdflow ers, anthers/ inflorescence, anthersltree, flow erslinflorexence, flow ers/tree and inflorescences/ tree There is a significant (ptO.05) positive and linear correlation between the number of grains per flower and of anthers per flower; between the grains per inflorescence, anthers per inflorescence and flowers per inflorescence; and between the grains per tree, anthers per tree, flowers per tree and inflorescences per tree.
By calculating logarithms these correlations are maintained and other significant correlations, although negative ones, also become apparent (Table IV) : The number of pollen Table 111 . Correlatioiis between the total anioirrit of itflorescences (inflor.), flowers, anthers arid polleri graiiis per tree with tree height, crown diariieter, crowi siirface (as cilirider aiid sphere). arid crow1 vohaiieri (as cilirider and sphere) in the stirdied trees. Each pair of data represent the correlation coefficient and the probability (plrl-0). The accumulated proportion for the first three axes is 37.8, 66.4 and 91.6, respectively. They represent the 4 variables used (inflorescences per tree, flowers per inflorescence, anthers per flower, and grains per anther) and the 30 trees studied, according to the factors 1, 2, and 3. Usually the trees of the same species are together, except for tree 1 of Acer riegiiiido, which grew separate from the other specimens. The four variables are strongly segregated. For seven of the ten species studied, one factor appears to be the most influential on the total production of pollen grains. Piriiis piriaster stands out because it possess a large quantity of microsporophylls per strobilus; Sali.\-atrociiiera and Jiiglaris regia are segregated for their high production of flowers per inflorescence; Olea eiiropaea, Frasiriiis arigiistifolia and one specimen of Acer riegiiiido stand out for their high production of grains per anther; the rest have high production of inflorescences (Qwrciis rotuiidifolia) or they have a stable production as far as inflorescences, flowers, anthers, and pollen grains per anther (Acer itegiirtdo, Platmtiis Iiispariica, Ulriiiis riiirior and Popiihis iiigra).
DISCUSSION AND CONCLUSIONS
Knowing the total pollen production per plant is useful in order to estimate the number of pollen grains that could be in the air during a certain season, once the density of plants per surface unit is known. It can also be used as an estimate of the production of seeds (Campbell & Halama 1993 , Allison 1990 , as the efficiency of anemophilous pollination decreases with the reduction in the concentration of airborne pollen (Whitehead 1983) . Pohl(l937) gives some values for the total pollen production per plant in several herbaceous species which vary between almost 3 million and a little more than 1300 million, the maximum value pertaining to Merciirialis ariiiiia. Obviously, woody plants produce larger quantities, as the data from this research project give values always higher than 1000 million grains per plant. The number of pollen grains per anther is also very variable. The same author gives the following values for different species of the same genera studied in our research project: Fraxbtts excelsior 12,500, Qiierciis sessilifora 5000, Acer plataiioides 1000. However, in our study the following values were obtained: Fraxbiiis arigiistifolia, between 18,000 and 87,000; Qiierciis rotiirrdfolia, between 1530 and 9800; Acer riegiiiido, between 12,700 and 217,500. Erdtman (1943) gives values for pollen production per flower for different trees, such as Piriiis sjhestris (158 lo3 per strobilus) and Qiierciis sessilifora (41 x lo3). In this Pollen prodiictioti it1 atieniopliiloris trees 45 research project, we found the following values for the species studied from these genera: Pitiiis pitiaster, between 244 x lo' and 280 x lo' per strobilus and bet\\een 340 x lo3 and 1100 x lo' for Qiierciis rotiitidfolia.
Since the total production of pollen grains per tree is positively correlated with the diameter of the tree crown and not with the height, this could indicate that the amount of available light is a limiting factor in the production of inflorescences and flowers. It could also lead us to believe that height might act in a negative way, as is evidenced by the negative and significant correlation between the height and the number of flowers per tree ( Table 111) .
The existence of a cubic ratio between the dimensions of the tree crown and the total production of pollen grains indicates that the distribution of inflorescences on the tree branches is homogeneous. This appears logical in deciduous trees, but not in evergreens (Qiierciis rotiiridfolia and Olea europuea) whose inflorescences are arranged on the surface of the tree crown. Perhaps more studies should be carried out on the evergreen species.
The correlation between the size of the anthers and the quantity of pollen grains they contain has already been demonstrated by other authors (Agnihotri & Singh 1975 , Subba Reddi & Reddi 1986 ). However, this ratio is not linear, but rather exponential. According to our data, the number of pollen grains ( y ) in terms of the size of the anther inmm (x) can be calculated with the formula: y = l , 547.16 x 2.94'.
The existence of a hyperbolic ratio between the relative productions of the different aspects of production (anther, flower, inflorescence, tree) leads us to believe that in the anemophilous arboreal species there is a constant value for pollen production. As the number of pollen grains per anther, anthers per flower, flowers per inflorescence, and inflorescences per tree varies considerably, there is a tendency to compensate by increasing one or reducing the other, so that the resulting product is generally within some defined margins. Thus, some species would have a tendency to increase the number of inflorescences in order to compensate for the small number of flowers per inflorescence or anthers per flower or grains per anther, as is the case with Querciis rotiitidfolia; others would produce a large quantity of flowers per inflorescence, such as Salix atrocitiera and Jiighns regia, which have a small number of flowers per inflorescence or pollen grains per microsporophyll, respectively; others would increase the number of anthers per flower or microsporophylls per strobilus. Other species would considerably increase the number of pollen grains per anther, such as Olea europaea and Fraxiiius atigristfolia, which have a small number of anthers per flower. Finally, the more or less wellbalanced species as far as the production of pollen grains anthers, flowers or inflorescences is concerned remain, such as Plataiiiis Iiispanica, Uliiiiis Inittor, and Poprrlris nigra.
